According to Otake 2000 , the caldera is a Valles-type caldera Smith and Bailey, 1968 , which is equivalent to a plate-subsidence type Lipman, 1997 , because The Mimizuku-yama Andesite is distributed in Mt.
Mimizuku-yama and Mt. Futatsumori-yama in the southeastern part of the caldera. This andesite consists of coherent lava and hyaloclastite and formerly has been called Mimizuku-yama "Dacite" Taguchi, 1975; Otake, 2000 . The rock is, however, porphyritic and contains phenocrysts of plagioclase, augite, hypersthene and trace amounts of opaque minerals with water-free SiO2 content of 59 to 63 wt. . Thus, the term Mimizuku-yama "Andesite" is used in this paper.
In the northern and the eastern parts, the Akakura caldera fill is uncomformably overlain by the Hitohane Formation Taguchi, 1961 and the Nakayamadaira caldera fill, respectively. The Hitohane Formation is about 80 m thick and comprises tuff breccia and alternating beds of conglomerate and sandstone with lignite beds.
The Nakayamadaira caldera fill is about 250 m thick and Jour. Geol. Soc. Japan 113 11 Sedimentary facies, processes and environments of the Akakura caldera lake 551 Layer A is non-stratified, poorly sorted and normally graded. The basal part is exceptionally inversely graded.
Flame and ball-and-pillow structures are common. This Jour. Geol. Soc. Japan 113 11
Sedimentary facies, processes and environments of the Akakura caldera lake 555 Interpretation: This facies is inferred to result from the fallout of glass shards through a standing body of water.
Lack of water escape structures suggests a relatively low sedimentation rate.
The middle member of the Kan-nodai Formation contains abundant soft-sediment deformation structures.
. Slump deposits
Interbedded sandstone and mudstone, massive tuff breccia, and graded pumice lapilli tuff are locally deformed and disorganized within a few metres. Clast content ratio between the basement rocks and the Mimizuku-yama Andesite shows remarkable variation with location. In the western area localities 7, 8 and 12 in Fig.   12 , most of the clasts are fragments of basement rocks.
In contrast, in the eastern area localities 13, 14 and 15 in 
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Sedimentary facies, processes and environments of the Akakura caldera lake 559 NEDO, 1990 . Assuming that thick graded pumice lapilli tuffs PT-1 and PT-2 cover the caldera lake, the volume is calculated to be about 14 km 3 . Taking account of other minor graded pumice lapilli tuff and bedded fine tuff, the total volume of the pyroclastic materials in the lake is inferred to be more than 20 km 3 . In general, eruption of such voluminous pyroclastic materials could result in caldera collapse Smith, 1979; Cas and Wright, 1987 . There is no field evidence for vents of pyroclastic eruptions within the Akakura caldera. The caldera structure close to the Akakura caldera includes the Onikobe, the Mukaimachi, and the Nakayamadaira calderas 1997 . The radiometric age of the Mukaimachi and Nakayamadaira calderas has not been obtained, but continuity, preservation and contact relationship of topographic caldera margins may suggest that the Mukaimachi and Nakayamadaira calderas are younger than the Akakura caldera. A lateral facies change of the graded pumice lapilli tuffs PT-1 and PT-2 represents flow from the southeastern part of the Akakura caldera Fig. 9 . In addition, the palaeocurrent data as shown in Fig. 13 demonstrate that PT-1 and PT-2 were sourced from the eastern part of the caldera. Therefore, the voluminous pyroclastic materials of the Akakura cakdera are likely to have been derived from an area east of the lake Fig. 16 , possibly the Nakayamadaira caldera.
Otake 2004 considered that PT-1 and PT-2 were originated from sediment gravity flows generated directly by progressive sorting of a subaqueous eruption column from the vent of a postcaldera andesite volcano. According to previous experiments Whitham and Sparks, 1986; White et al., 2001 , hot pumice ejected into water can be initially buoyant due to steam generation within the pumice fragments before cooling and sinking. This forms inversely graded deposits due to larger pumice fragments taking longer to cool and sink. On the other hand, fully water saturated, cold pumice sinks at rates proportional to grain size to form normally graded pumice deposit. Therefore, the normally graded pumice of PT-1 and PT-2 may be attributed to a redeposition of water-saturated pumice from sediment gravity flows rather than primary deposition. Rounded to sub-rounded pumice clasts within interbedded sandstone and mudstone beds suggest that the pumice was also reworked and mixed into basement detritus produced by slope failures on the unstable caldera wall.
The andesite clast-rich sandstone and mudstone indi- 
